Background: Currently, the diagnosis and treatment of nasopharyngeal carcinoma (NPC) patients with residual cervical lymphadenopathy following radical radiotherapy with or without chemotherapy are challenging. We investigated the prognosis of NPC patients with residual cervical lymphadenopathy and assessed the diagnostic and prognostic values of Epstein-Barr virus (EBV) DNA in these patients.
Background
Nasopharyngeal carcinoma (NPC) differs from malignant tumors arising from other head and neck mucosal sites in epidemiology, pathological types, and treatment [1] . NPC has a distinct ethnic and geographical distribution in Guangdong, South China, where environmental factors, genetic predisposition, and Epstein-Barr virus (EBV) infection play important roles in its pathogenesis. Radiotherapy is the primary treatment of NPC. Several prospective randomized trials [2] [3] [4] [5] and meta-analyses [6] [7] [8] have demonstrated that concurrent chemoradiotherapy (CCRT) with or without adjuvant chemotherapy (AC) is superior to radiotherapy alone for treating NPC. Currently, intensity-modulated radiotherapy (IMRT) is the preferred irradiation technique for NPC. Although it provides excellent locoregional control [9] , a small proportion of patients have residual cervical lymphadenopathy following radical radiotherapy with or without chemotherapy [10] . The treatment of these patients is challenging. According to our previous study [11] , approximately 3% of patients had residual cervical lymphadenopathy following IMRT, which is consistent with another report [12] . The National Comprehensive Cancer Network (NCCN) guidelines advocate neck dissection for these patients [13] , with well-proven efficacy and safety [14] [15] [16] [17] [18] . This group of patients faces a clinical dilemma. Because lymphadenopathy may harbor disease or merely appear as post-treatment necrosis or hyaline fibrosis without viable tumor cells [14] [15] [16] 19] , it may be difficult to define the nature of the cervical masses due to post-irradiation changes in neck soft tissues [15, 18, 19] . Furthermore, since most studies have focused on the efficacy and safety of neck dissection in this group of patients, there is no commonly accepted method for post-treatment determination of malignancy.
The plasma EBV DNA level has been the most effective predictive biomarker in guiding the treatment and predicting the prognosis of NPC [20] . NPC patients with high levels of EBV DNA before treatment have a high risk of disease recurrence and distant metastasis [21, 22] . However, there is a paucity of data addressing the efficacy of plasma EBV DNA level in determining the diagnosis and prognosis of NPC patients with residual cervical lymphadenopathy.
In this study, we reviewed the clinical charts of NPC patients who were diagnosed with suspected residual cervical lymphadenopathy following radical definitive radiotherapy to assess the diagnostic and prognostic values of plasma EBV DNA level. Furthermore, we analyzed the prognosis of these patients based on preoperative plasma EBV DNA levels.
Patients and methods

Design, setting, and participants
For this retrospective study, we collected data from NPC patients who had been diagnosed with suspected residual cervical lymphadenopathy following completion of radical radiotherapy with or without chemotherapy. This study was approved by the Institutional Review Board of the Sun Yat-sen University Cancer Center. Patients were eligible for this study if they fulfilled all of the following criteria: (1) newly diagnosed NPC without metastasis; (2) biopsy-proven World Health Organization type II/III NPC [23] ; (3) no history of previous antitumor therapy; (4) completion of radical radiotherapy with or without chemotherapy; (5) lymph nodes that persisted for about 3 months after the completion of antitumor therapy; (6) no local tumor residue or distant metastasis detected before neck dissection; (7) neck dissection at the Department of Head and Neck Surgery; and (8) postoperative pathological examination at Sun Yat-sen University Cancer Center between January 2006 and December 2014. NPC patients with neck recurrence (i.e., reappearance of lymphadenopathy after complete regression of initial lymphadenopathy) [17] or residual cervical lymphadenopathy patients who underwent chemotherapy or salvage re-irradiation alone were excluded. Clinical, pathological, and radiological data of eligible patients were reviewed and reclassified. All patients were restaged according to the 7th edition of American Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) staging system.
Quantification of plasma EBV DNA levels
The plasma EBV DNA levels of patients were measured using quantitative polymerase chain reaction (qPCR) before the initiation of treatment and before neck dissection as described in a previous study [24] . The real-time qPCR system was developed at the BamHI-W region. The system consisted of the amplification primers W-44F (5ʹ-AGT CTC TGC CTC CAG GCA -3ʹ) and W-119R (5ʹ-ACA GAG GGC CTG TCC ACC G-3ʹ) and the dual-labeled fluorescent probe W-67T (5ʹ-[FAM]CAC TGT CTG TAA AGT CCA GCC TCC [TAMRA]-3ʹ). The β-actin gene was used as a loading control, and the primers 5ʹ-ACA GGC ACC AGG GCG TGA TGG-3ʹ (forward) and 5ʹ-CTC Keywords: Nasopharyngeal carcinoma, Residual cervical lymphadenopathy, Prognosis, Epstein-Barr virus, Fine needle aspiration cytology, Survival CAT GTC GTC CCA GTT GGT-3ʹ (reverse) and the duallabeled fluorescent probe sequence 5ʹ-[FAM]CAT CCT CAC CCT GAA GTA CCC CAT C[TAMRA]-3ʹ were used.
The cutoff value of plasma EBV DNA level before neck dissection was based on a detectable/undetectable status (0 copy/mL), whereas the cutoff value before the initiation of treatment was as previously established (4000 copies/mL) [21, 25] . No attempt was made to perform repeated analyses using alternative cutoffs.
Clinical assessment
All patients were evaluated with a complete physical examination, fiberoptic nasopharyngoscopy, magnetic resonance imaging (MRI) or computed tomography (CT) of the head and neck, electrocardiography, positron emission tomography/computed tomography (PET/CT) or chest radiography plus abdominal ultrasonography and bone scan by emission computed tomography, complete blood count with differential counts, biochemical profile, and plasma EBV DNA detection before treatment.
All patients diagnosed with NPC were treated with conventional radiotherapy or IMRT. Whether chemotherapy was administered depended on patient's age and the stage of disease. All patients with suspected residual cervical lymphadenopathy underwent a preoperative EBV DNA detection and neck dissection. In clinical practice, the gold standard method for determining the nature of residual cervical lymphadenopathy of NPC patients is pathological examination of neck dissection specimens. Therefore, we compared the sensitivity and specificity of fine needle aspiration cytology (FNAC) and preoperative plasma EBV DNA detection with postoperative pathological examination.
Follow-up
Patients were assessed at the time of treatment completion, and then at least every 3 months over the next 3 years and at least every 6 months thereafter. The evaluation of patients at follow-up included a clinical examination, nasopharyngeal endoscopy, MRI of the nasopharynx and neck area, chest radiography, and abdominal ultrasonography. Patients' statuses were determined by reviewing their medical records and follow-up findings. The progression-free survival (PFS) was the primary endpoint of this study; it was defined as the interval between the date of diagnosis and disease progression or death from any cause. The secondary endpoints were overall survival (OS), local relapse-free survival (LRFS), regional relapse-free survival (RRFS), locoregional relapse-free survival (LRRFS), and distant metastasis-free survival (DMFS), which were defined as the interval between diagnosis and death from any cause or the first event.
Statistical analysis
Categorical variables were assessed using Fisher's exact test and the Chi square test. Kaplan-Meier survival curves were used to analyze the time-to-event endpoints, and the log-rank test was used to compare the differences between groups. The hazard ratios (HRs) were calculated with the Cox proportional hazards model. Multivariable analyses were performed using the Cox proportional hazards model to test the independent statistical significance of treatment intervention. Potentially important prognostic factors considered in the modeling process included pretreatment plasma EBV DNA level, preoperative plasma EBV DNA level, and postoperative pathology. Analyses were performed using SPSS 22.0 (SPSS, Chicago, IL, USA). All statistical tests were two-sided, and P < 0.05 indicates statistical significance.
Results
Patient characteristics
Between January 2006 and December 2014, 292 NPC patients underwent neck dissection at the Department of Head and Neck Surgery at Sun Yat-sen University Cancer Center. Of these patients, 91 were suspected of having residual cervical lymphadenopathy. Clinical data of initial treatment were not available for 9 patients who had completed radical radiotherapy at other hospitals; these patients were therefore excluded. The remaining 82 patients met all the eligibility criteria and were selected for the analysis: 68 with tumor cells and 14 without tumor cells in dissected cervical lymph nodes as detected with postoperative pathological examination. Table 1 summarizes the characteristics of both groups. The median patient age was 43.5 (21-77) years in 68 patients with tumor cells and 46 (25-61) years in 14 patients without tumor cells in dissected cervical lymph nodes. The Chi square test revealed that female patients (P < 0.001) and patients with detectable EBV DNA before surgery (P = 0.045) were more likely to have tumor cells in dissected cervical lymph nodes.
Clinical analyses of plasma EBV DNA levels in NPC patients
Using real-time qPCR, we detected EBV DNA levels in plasma samples from the patients before the initiation of treatment and before neck dissection. The median plasma EBV DNA level before the initiation of treatment was 4160 copies/mL (interquartile range, 2652-44,400 copies/mL) for all 82 NPC patients ( Fig. 1a) and 117 copies/mL (interquartile range, 0-6260 copies/mL) for the 68 patients with tumor cells in dissected cervical lymph nodes (Fig. 1b) . In addition, all 14 patients without tumor cells in dissected cervical lymph nodes had undetectable plasma EBV DNA levels before neck dissection (Fig. 1c) . The median plasma EBV DNA level was not associated with clinical stage (Fig. 1d ), T stage (Fig. 1e) , and N stage (Fig. 1f ) .
The sensitivity and specificity of preoperative EBV DNA detection and FNAC of cervical lymph nodes in identifying residual cervical lymphadenopathy The preoperative plasma EBV DNA level was detectable in 36 patients and undetectable in 46 patients. Due to poor patient compliance, FNAC of cervical lymph nodes was only performed in 21 patients, all of whom underwent intraoperative frozen section examination. FNAC results showed that 16 (76.1%) were positive and 5 (23.9%) were negative for malignant cells in cervical lymph nodes. Of the 5 patients with negative FNAC results, 3 had positive postoperative pathological findings for residual cervical lymphadenopathy (1 had detectable preoperative plasma EBV DNA levels and 2 had undetectable preoperative plasma EBV DNA levels). Thus, the sensitivity and specificity of FNAC in identifying residual cervical lymphadenopathy were 84.2% (16/19) and 100% (2/2), whereas those of preoperative EBV DNA detection were 52.9% (36/68) and 100% (14/14) . The sensitivity of FNAC combined with preoperative EBV DNA detection increased to 89.5% (17/19) ( Table 2) .
Survival analysis based on postoperative pathological results
The median follow-up period for the entire patient cohort was 52.6 (interquartile range, 3.6-116.5) months. During the follow-up period, 41 of the 82 patients patients died, and all of them had positive postoperative pathological findings. However, one of the patients died in a car accident, and 19 (95.0%) of the deaths were reported as being disease-related. Kaplan-Meier survival analysis revealed that a positive postoperative pathological finding was significantly associated with shorter PFS (P = 0.008), OS (P = 0.014), LRRFS (P = 0.005), and RRFS (P = 0.014), but not with DMFS (P = 0.073) and LRFS (P = 0.102) ( Table 3 , Fig. 2 ).
Survival analysis based on preoperative plasma EBV DNA level
Given that plasma EBV DNA is the most effective predictive biomarker in guiding the treatment and predicting the prognosis of NPC, we analyzed the efficacy of plasma EBV DNA detection in identifying residual cervical lymphadenopathy in NPC patients. Compared with the 46 patients without detectable preoperative plasma EBV DNA, the 36 patients with detectable preoperative plasma EBV DNA demonstrated significantly lower 3-year PFS, OS, LRRFS, LRFS, and RRFS rates (all P < 0.05), but did not demonstrate significantly lower 3-year DMFS rate (Table 3) . The same associations between preoperative plasma EBV DNA and survival were observed in the patients with residual cervical lymphadenopathy (Fig. 3 ).
Prognostic factors for NPC patients with residual cervical lymphadenopathy
The multivariate analysis showed that postoperative pathological results remained an independent predictor of short PFS (HR = 5.209, 95% CI 1.185-22.900; P = 0.029), DMFS (HR = 9.265, 95% CI 1.035-82.935; P = 0.047), and LRFFS (HR = 10.175, 95% CI 1.273-81.320; P = 0.029), and the presence of preoperative EBV DNA remained an independent predictor of short OS (HR = 5.535, 95% CI 1.677-18.268; P = 0.005) and RRFS (HR = 2.804, 95% CI 1.018-7.727; P = 0.046) for the 82 patients (Table 4) . To further assess the prognostic value of preoperative EBV DNA, the patients were stratified into subgroups based on postoperative pathological results. Multivariate analysis revealed that the presence of preoperative plasma EBV DNA remained an independent predictor of short OS in patients with positive postoperative pathological results (HR = 3.501, 95% CI 1.075-11.398; P = 0.037) ( Table 5 ). These results indicate that preoperative plasma EBV DNA represents a valuable independent 
Discussion
In the present study, 68 (82.9%) of the 82 NPC patients suspected of having residual cervical lymphadenopathy exhibited positive postoperative pathological results. Additionally, a positive postoperative pathological result was significantly associated with low 3-year PFS, OS, LRRFS, and RRFS rates and was confirmed as an independent prognostic factor for PFS. Furthermore, our study showed that using FNAC combined with preoperative EBV DNA detection improved the sensitivity in diagnosing NPC with residual cervical lymphadenopathy.
Persistent nodal disease in NPC patients after definitive radiotherapy presents a diagnostic and treatment challenge in clinical practice. In these patients, tumor cells are often not observed in the neck dissection specimens. Previous studies have demonstrated that 58.3%-88.2% of NPC patients presenting symptoms of persistent/recurrent neck mass had cervical malignancies [26, 27] . It is thus imperative to define the nature of the presumed persistent neck mass before surgery to avoid unnecessary treatment.
Currently, there is no well-accepted method for preoperative determination of the presence of malignancy in nodal diseases, although it was reported that FNAC was helpful in differentiating malignant lymphadenopathy from benign inflammatory nodes [28, 29] . In Table 2 The sensitivity, specificity, PPV, and NPV of preoperative examinations in identifying residual cervical lymphadenopathy in patients with NPC clinical practice, the confirmation of cervical malignancy may still require some surgical intervention. One study has shown that the sensitivity and specificity of FNAC in identifying malignant lymphadenopathy were 25% and 100% [26] . In the present study, the sensitivity and specificity of FNAC in identifying cervical lymphadenopathy were 84.2% and 100%. Furthermore, we demonstrated that the sensitivity and specificity of preoperative EBV DNA detection in identifying cervical lymphadenopathy were 52.9% and 100%, and those of FNAC combined with preoperative EBV-DNA detection were 89.5% and 100%. The diagnostic efficacy of FNAC for residual cervical lymphadenopathy in NPC patients after radiotherapy is significantly reduced. For   Fig. 3 Kaplan-Meier estimates of the survival of NPC patients with residual cervical lymphadenopathy. Of the 82 patients, 36 had detectable preoperative plasma EBV DNA, and 46 had undetectable preoperative plasma EBV DNA. a Progression-free survival; b overall survival; c distant metastasis-free survival; d locoregional relapse-free survival; e local relapse-free survival; and f regional relapse-free survival Table 4 Multivariable analysis of prognostic factors of all 82 NPC patients with residual cervical lymphadenopathy NPC nasopharyngeal carcinoma, PFS progression-free survival, OS overall survival, DMFS distant metastasis-free survival, LRRFS locoregional relapse-free survival, LRFS local relapse-free survival, RRFS regional relapse-free survival, HR hazard ratio, CI confidence interval early and correct diagnosis, FNAC combined with preoperative EBV DNA detection should be adopted. The present findings indicate that if EBV DNA is detectable before surgery, the patients are more likely to have a positive postoperative pathological result. NPC patients with residual cervical lymphadenopathy presented with a higher degree of heterogeneity than did patients without residual cervical lymphadenopathy. The prognostic significance of TNM classification, which only reflects anatomical information, is not optimal for NPC patients with residual cervical lymphadenopathy. Multiple studies have demonstrated that EBV DNA serves as a reliable biomarker in the detection, monitoring, and prognostic prediction for NPC [21, 22, 25, [30] [31] [32] [33] [34] [35] [36] [37] . Moreover, the presence of EBV DNA after radiotherapy is the most important independent prognostic marker in predicting survival and outcome; the prognosis of patients with detectable EBV DNA after radiotherapy was significantly worse than that of those with undetectable EBV DNA [38] . Using a cutoff > or = 0 copy/mL, we report that the presence of preoperative EBV DNA was associated with low 3-year OS, PFS, LRRFS, LRFS, and RRFS rates. Furthermore, detectable preoperative EBV DNA was confirmed as an independent prognostic factor for OS and PFS in both the entire cohort and the patients with positive postoperative pathological results. Although the DMFS rates were not significantly different between patients with detectable and undetectable preoperative plasma EBV DNA, the survival curves showed that the patients with detectable preoperative plasma EBV DNA had a higher risk of distant metastasis. In the present study, all 36 NPC patients with residual cervical lymphadenopathy who had detectable preoperative EBV DNA underwent neck dissection, but still had poor prognosis. These findings suggest that neck dissection alone is not sufficient for these high-risk patients and that these patients may require a more aggressive treatment strategy.
For high-risk NPC patients, a more intensive treatment regimen such as AC can provide an additional survival benefit over neck dissection alone. In addition, AC can kill tumor cells that might have remained following macroscopic tumor removal and eliminate micrometastasis. Even though previous meta-analyses revealed that there was no benefit of using AC for NPC patients [7, 39] and all previous trials on AC had failed, Twu et al. [40] demonstrated that AC reduced distant failure and prolonged OS in NPC patients with persistently detectable EBV DNA after curative radiotherapy. In fact, the efficacy of AC is being addressed in ongoing trials which target patients with residual post-therapy EBV DNA. For these reasons, a prospective randomized trial comparing neck dissection combined with AC to neck dissection alone should be initiated to assess whether AC can effectively treat NPC patients with residual cervical lymphadenopathy who have detectable preoperative EBV DNA levels. The current NCCN guidelines recommend the PF regimen (cisplatin + 5-fluorouracil) as the standard AC regimen for advanced NPC according to the results of an intergroup study [3] . However, Zhang et al. [41] have shown that the GP regimen (gemcitabine + cisplatin) prolonged PFS in patients with recurrent or metastatic NPC, which established the GP regimen as the standard first-line treatment for this population. Furthermore, prospective randomized trials are strongly recommended to investigate the most effective AC regimen (PF vs. GP) for high-risk NPC patients.
The present study has several limitations. First, there is inevitable selection bias caused by its retrospective nature. Prospective studies are required to validate our results. Second, the sample size is small due to the rarity of these cases. Third, this was a single-center analysis from a high-prevalence district. A multi-center study is needed to fully evaluate the diagnostic and prognostic values of preoperative plasma EBV DNA detection in NPC patients with residual cervical lymphadenopathy.
Conclusions
Using FNAC combined with preoperative EBV DNA detection could improve the sensitivity in identifying residual cervical lymphadenopathy in NPC patients. Compared with patients with undetectable EBV DNA, patients with detectable preoperative plasma EBV DNA may have worse prognosis. These patients require a more aggressive treatment strategy, and future trials should consider preoperative EBV DNA levels as a stratification factor and investigate the optimal regimen for the target population.
Abbreviations NPC: nasopharyngeal carcinoma; PFS: progression-free survival; OS: overall survival; DMFS: distant metastasis-free survival; LRRFS: locoregional relapse-free survival; LRFS: local relapse-free survival; RRFS: regional relapse-free survival; HR: hazard ratio; CI: confidence interval; CCRT : concurrent chemoradiotherapy; 2D-RT: two-dimensional radiotherapy; IMRT: intensity-modulated radiotherapy; NCCN: National Comprehensive Cancer Network; MRI: magnetic resonance imaging; EBV: Epstein-Barr virus; WHO: World Health Organization; NAC: neoadjuvant chemotherapy; AC: adjuvant chemotherapy; FNAC: fine needle aspiration cytology; VCA: viral capsid antigen; IgA: immunoglobulin A; EA: early antigen. 
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